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698a Wednesday, February 19, 2014with a wide range of applications in biological research and molecular thera-
peutics. Zinc finger proteins (ZFPs), belonging to Cys2His2 family constitute
the most common DNA binding motifs found in eukaryotes. ZFP normally
occur in repeats of two to three zinc finger motifs (ZFMs) to bind 6-9 contig-
uous DNA base pairs in a sequence specific manner. Several methods of vary-
ing complexity are available to engineer ZFPs that can target all the 64 codons
in the genome. Although ZFPs are becoming a powerful tool for site specific
modification in the genome, several challenges remain before the full potential
of ZFPs can be realized. The engineered ZFPs generated using the present
design platforms target mostly base triplets with 5’ Guanine (GNN, where N
is any nucleotide) and the non-GNN or AT rich modules are difficult to target.
In the present project we attempt to address this challenge by designing linker
regions between the ZFP motifs to target non-contiguous base pairs in the
DNA. This will increase the number of targetable DNA sequences by an order
of magnitude and will help to realize the full potential of ZFPs. Using structure
based methods, we provide an extensive library of possible linker molecules
that can be introduced between the individual zinc finger motifs to skip up to
10 base pairs between adjacent zinc finger protein recognition sites in the
DNA sequences. We also performed a proof of principle experiment to validate
the binding affinity and specificity of one of the computationally designed ZFP
to its target DNA sequence.
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The human papillomavirus type 6 E2 protein binds the 5’-AACCG-NNNN-
CGGTT-3’ DNA consensus sequence, where NNNN is a linker region. The
wild-type (WT) protein only binds A/T rich linker regions in a binding pro-
cess kinetically characterized by a fast phase followed by a slow phase,
whereas the E2DLL mutant shows enhanced affinity for both A/T and G/C
rich linker sequences with a significantly sped up fast phase. To rationalize
these observations, we performed long molecular dynamics simulations of
the WT bound to DNA with AATT and CCGG linkers, and of E2DLL bound
to the same sequences. It was found that the DNA bending angle was
decreased to 25 for both E2DLL-DNA complexes, while the bending angle
was 60 in the WT complexes. The decreased bending angle lowers the
DNA distortion energy in the mutant complexes, explaining the increased
binding affinity of the E2DLL protein. Moreover, the reduction in bending en-
ergy increases the population of pre-bent structures, which explains the
enhanced fast phase of binding in the mutant. In contrast to earlier hypotheses
which focused on increased protein flexibility, our simulations show that the
increased binding affinity and decreased selectivity of the mutant stems from a
decrease in DNA bending.
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Terminal uridylyl transferases are a class of enzymes that play a key role in
both biogenesis and degradation of microRNAs (miRNAs) in eukaryotes.
Previously, we and other groups showed that TUT4 uridylates precursor mi-
croRNA (pre-miRNA) in coordination with Lin28 and thus acts as a post-
transcriptional repressor of microRNA maturation. Using single-molecule
FRET, we show that TUT4 maintains the tight contact with pre-miRNA
and Lin28 while it captures the 3’ end of RNA and brings this to its cata-
lytic domain. This mechanism leads to the formation of a unique closed
loop of the U tail. Besides this repression pathway, terminal uridylyl
transferases are also able to enhance miRNA biogenesis through mono-
uridylation of pre-miRNA substrates when Lin28 is absent. Using single-
molecule fluorescence spectroscopy, we show that TUT7 exhibits
preference for group II pre-miRNAs by regulating their binding frequency.
In conclusion, our study provides insight into the duality of miRNA uridy-
lation and may give a hint to a general mechanism of action of terminal ur-
idylyl transferases.3538-Pos Board B266
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Many proteins and ligands bind double stranded (ds) DNA by inserting their hy-
drophobic residues in between the DNA bases, either partially or completely,
thereby locally elongating, bending and unwinding the dsDNA.This intercalative
binding mode is typical of many proteins that control transcription by locally de-
forming the dsDNA, such as HMG-type proteins or TATA box binding proteins.
Also intercalative binding is typical of many small aromatic molecules that are
used either as the research tool for dsDNA imaging (EtBr or Yo-Yo), or as anti-
cancer drugs (ActinomysinD or Ruthenium "threading" intercalators). Conven-
tional approaches to the study of intercalative binding are often limited as
many of these molecules also have the non-intercalative binding modes, may
cause DNA aggregation, intercalate weakly, or too slowly. Recently the single
molecule stretching of polymeric dsDNA with Optical Tweezers in the presence
of several intercalatingmoleculeswas employed to characterize their equilibrium
dissociation constant,DNAelongation and thebinding site size. In this theoretical
work we discuss how the complete stretching curves of the DNA-intercalator
complexes can be used to study the proteins with weak intercalative ability and
slow binding kinetics, the effect of intercalators on the dsDNA duplex stability,
flexibility and elasticity. In some cases, even the protein-induced dsDNAbending
angle and elongation can be quantified based on the intercalator - dsDNA titra-
tions coupled to DNA stretching. This approach also offers a new way to study
the contributions of individual intercalating and non-intercalating groups of the
protein to its DNA intercalative ability. For some proteins, such as nucleocapsid
proteins of retroviruses, discovery of their intercalative nature byDNA stretching
may suggest their novel physiological roles.
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The human immunodeficiency virus type 1 (HIV-1) Gag protein is essential for
retroviral assembly. During viral maturation, Gag is processed to form matrix
(MA), capsid (CA), and nucleocapsid (NC) proteins. Mature NCp7 is derived
fromprocessing of NCp15 and NCp9. NCp7 functions as a nucleic acid
chaperone during retroviral replication, in which it rearranges nucleic acids to
facilitate reverse transcription and recombination. In this work, we use single-
molecule DNA stretching to probethe interactions of these proteins with DNA.
We find that NCp7 intercalates into double-stranded DNA to keep the two single
strands close together while destabilizing them. Surprisingly, multiple stretch
and release cycles of DNA in the presence of NCp7 yield changing force-exten-
sion curves on the time scale of tens of minutes. If the NCp7 solution is rinsed
from the buffer surrounding the DNA molecule, we find that some fraction of
the bound protein does not dissociate. The protein only dissociates completely
when competitor DNA is introduced to the solution surrounding the stretched
DNA molecule. Thus, NCp7 exhibits binding modes on multiple time scales,
including both rapidmicroscopic and slowmacroscopic dissociation rates, which
is also examined through pulling rate dependence studies. To test the origin of
this behavior and understand how NC-DNA interactions are regulated, we also
apply these methods to NCp9 and NCp15 interactions with DNA.
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DNA breaks can be repaired by homologous recombination, a process that
maintains genetic stability in an organism. A protein that is essential for this
mechanism in E. coli is RecA. During repair, RecA must bind and form nucle-
oprotein filaments on single-stranded DNA (ssDNA) in direct competition with
single-stranded DNA binding protein (SSB). Despite extensive studies, the
mechanism behind this competitive process remains unclear.
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microscopy to observe directly the mechanical properties of ssDNA-SSB,
ssDNA-RecA, and ssDNA-SSB-RecA complexes under a range of tensions.
This single-molecule assay allows us to probe and visualize simultaneously
the interactions of RecA and SSB with ssDNA in real time and with nanometer
resolution. Using a 70-nucleotide, poly-dT ssDNA construct designed to
accommodate a single SSB, we investigated different scenarios of protein-
DNA complex formation under a range of tensions between 0-10 pN.
Individual SSBs on their own bind and condense ssDNA in discrete steps, the
size of which depend on tension. Under low tensions (1-3 pN), an SSB wraps
50-70 nt of ssDNA in a single step. At higher tensions (>4 pN), SSB exhibit
transient, partially wrapped states on ssDNA. In the absence of SSB, RecA fil-
aments nucleate rapidly on ssDNA regardless of tension. In contrast, when
RecA is added to ssDNA coated with an SSB, filament formation is inhibited
at low tensions. At higher tensions, where the SSB can partially unwrap
from ssDNA, we observe RecA filaments form after an extended lag time.
Our results suggest a mechanism in which SSBs inhibit RecA by sequestering
ssDNA. Tension-induced unwrapping of the SSB makes ssDNA available for
RecA to bind and nucleate a filament.
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Horizontal gene transfer (HGT) is a major driver of bacterial evolution, allow-
ing for rapid development of deleterious functions - such as virulence or anti-
biotic resistance. However, expressing foreign DNA without selection is at best
a waste of resources and at worst fatal to the bacterium. Bacteria have, there-
fore, developed mechanisms to selectively silence foreign genes. For instance,
the histone-like nucleoid-structuring protein (H-NS) silences foreign genes that
are recognized by their AT content. It has previously been shown that the bind-
ing of H-NS to AT-rich DNA dramatically changes the persistence length of the
DNA. However, we discovered that the persistence length measured under no
load, via tethered particle motion (TPM), and under increasing H-NS concen-
trations was much less sensitive to concentration than when stretched with op-
tical tweezers. Our results indicate a previously unknown protein-DNA
structure which breaks down under an applied force.
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Understanding biomolecular interactions at the molecular level is crucial to fos-
ter the development of biosensors with improved sensitivity, for the early diag-
nosis of disease-related biomarkers and for therapeutic drug monitoring. To this
purpose, we propose a strategy based on atomic force microscopy (AFM) to
map protein-protein and DNA-protein interactions on solid surfaces with
high spatial resolution. By means of AFM Nanografting, we build functional
DNA nanostructures with variable density and known conformation on ultraflat
gold thin films and investigate the reaction mechanism and the reaction kinetics
of different enzymes (from restriction enzymes to helicases) on such nanostruc-
tures, for different DNA substrates (forks, blunt ended, etc.). Our platform al-
lowed us to highlight the effect of molecular crowding and steric hindrance on
the enzymatic reaction and to reveal the impact of DNA conformation on enzy-
matic activity.
Preliminary small angle X-ray scattering and ultraviolet-visible absorption spec-
troscopy data to study real-time enzymatic reactions on DNA-functionalized
gold nanoparticles will be also discussed.
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DNA/RNA-protein interactions underpin fundamental biological processes
such as transcription, splicing, and translation. The increasing number of exper-
imentally determined three-dimensional structures of nucleic acid-protein com-plexes provides unprecedented opportunities to decipher the underlying
principles governing the process of DNA/RNA-protein recognition. Existing
bioinformatics tools suffer either by scope or usability. We have developed
SNAP, a new software for characterizing the Structures of Nucleic Acid-
Protein complexes that is consistent, rigorous, robust, and efficient. Here we
focus on the analysis of DNA-protein interactions.
Starting from a structure of a DNA-protein complex in PDB or PDBx/mmCIF
format, SNAP automatically detects double-helical regions consisting of either
canonical base-pairs (bp) or non-canonical bps, and categorizes protein into
secondary structural units (alpha helices, beta sheets, turns, and loops). The
program then characterizes DNA-protein interactions by checking all combina-
tions between the two components: major groove, minor groove, and backbone
for DNA, versus each alpha helix, beta sheet, turn, and loop for protein. SNAP
recognizes and outputs base-amino-acid H-bonding and stacking interactions.
To quantify the relative spatial relationship between interacting amino acids
and bases, SNAP defines a local amino-acid reference frame in the side chain,
and takes advantage of the standard base reference frame. SNAP calculates all
six rigid-body parameters to allow for the analysis of large sets of DNA-protein
complexes consistently and rigorously.
Implemented in ANSI C as a stand-alone command-line program, SNAP is
self-contained and its executables are tiny, with zero runtime dependencies
on third party libraries. The program has been checked against all DNA-
protein complexes in the PDB, without any known issues. SNAP is a new
component of the 3DNA suite of programs (x3dna.org) for the analysis,
rebuilding, and visualization of three-dimensional nucleic acid structures. It
consolidates, refines, and significantly extends 3DNA’s functionality for
DNA-protein structural analysis.
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Protein-RNA interactions are important in biology, however computational
research in this field is still in its (relative) infancy. Part of the challenge is
in obtaining a robust energy function that can accurately capture key features
of protein-RNA interactions. Previously, we showed that RNA-only potentials
efficacious in identifying native-like RNA structures could be determined from
distance statistics of high-resolution RNA structures [1]. Extending that work,
we extracted statistical information from high-resolution protein-RNA struc-
tures, and developed a protein-RNA coarse-grained knowledge-based potential
that is suitable for discriminating protein-RNA decoys. Additionally, our
smooth potentials can be used in refining near-native protein-RNA models
that have been identified by docking. Our statistical potential, together with
carefully chosen embedded sampling degrees of freedom [2,3] and a harmonic
constraint potential implemented in MOSAICS [4], should be effective for
docking problems involving unbound protein and RNA structures.
[1] Bernauer J. et al., RNA, 17, 1066 (2011).
[2] Minary P. and Levitt M., J. Comp. Biol., 17, 993 (2010).
[3] Sim A.Y.L. et al., PNAS, 109, 2890 (2012).
[4] http://csb.stanford.edu/minary/MOSAICS.html
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DNA-binding proteins such as transcription factors react with their targets at
faster than estimation from diffusion-controlled rates. This is explained by
the fact that the protein can slide along DNAmolecule with appreciable affinity
for nonspecific sequences. However, does this sliding function really play a key
role in this type of reaction kinetics? Most of the previous methods are opti-
mized for one-dimensional protein diffusion along DNA maintained in an
extended configuration. Here we show that a site-specific nuclease digestion
efficiently occurs in the course of an intermittent encounter by the same single
DNA molecule to a number of nucleolytic enzyme molecules. We found in a
limited protein’s sliding-free condition that the intermittent molecular
encounter and complex formation process gives an enhanced rate for the reac-
tion. Our results demonstrate how the flowing DNA encounters the immobi-
lized restriction enzyme ApaI by which the site-specific DNA-break occurs.
Moving tags of both DNA ends transmitted the breakup of single DNA mole-
cule into fragments. Quite a number of digestions occurred at the first encounter
